Water has been used efficiently as a solvent for the reaction of barbituric acid, aldehyde and urea or thiourea to yield pyrimido [4,5-d]pyrimidines. This environmentally benign procedure leads to high yields of products of greater purity in a single step using water.
Introduction
For the synthetic chemists, water often appears as a natural enemy to be kept away from the reaction mixture until workup. However, recently water [1] has been reported as a medium in various transformation reactions with a considerable rate increase [2] . This has been explained on the basis of its permanent dipole moment; hence at elevated temperature, water facilitates the isolation of products due to the decreased solubility of organic materials. Further reasons to make water unique as compared to organic solvents are its cheapness and non-inflammability, putting water in the domain of green solvents.
Heterocyclic chemistry is currently experiencing a renaissance because of the interest in heterocyclic scaffolds as templates for combinatorial chemistry [3] . As heteroaromatic compounds are present in many natural products [4] , and are constituents of numerous therapeutic agents [5] , they represent ideal drug-like structures for the elaboration of and increase in molecular diversity.
Multicomponent reactions (MCRs) have been proved as simple and convenient ways to produce a plethora of physiologically active pyrimidinones [6] . Three-component reactions such as the Biginelli reaction with cyclic 1,3-dicarbonyl compounds, aromatic aldehydes and urea/thiourea are well known microwave-induced reactions (MW) [7] . Pyrimidines and fused pyrimidine derivatives represent a class of annulated uracils with biological significance because of their close association with purines and pteridine systems [8] . Numerous reports have been patented [9] and have delineated the antiallergic [10] , 0932-0776 / 07 / 0500-0732 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com antiviral [11] , antibacterial [12] , antioxidant [13] and hepatoprotective properties [14] of fused pyrimidines. The promising methods for the synthesis of pyrimido [4,5-d] pyrimidines involve multistep syntheses starting from 1,3-disubstituted cyanouracils [15] , polymer bound 2-(alkylsulfanyl)-4-aminopyrimidine-5-carbonitriles [16] , aza-Wittig-type reactions using iminophosphoranes of 5-aminouracils [17] , and reacting 6-[(dimethylamino)methylene]aminouracils with various heterocumulenes [18] . Synthetic alternatives are many and varied and have resorted to harsh conditions, e. g. the use of PTSA (p-toluenesulfonic acid) as catalyst, using POCl 3 with DMF as a solvent [19] . Additionally, reagents for these procedures are not readily or commercially available which is a key deficiency in developing conditions for library synthesis.
Moreover, water-mediated single-flask procedures for the synthesis of pyrimido [4,5-d] pyrimidines avoiding harmful catalysts have not been reported yet.
As part of our ongoing program of developing environmentally benign synthetic methods [20] for pharmacologically important heterocyclic skeletons, we explored a green multicomponent reaction (MCR) protocol using water as solvent. Herein, we report a simple, rapid and one-pot water-mediated procedure for the synthesis of pyrimido [4,5-d] pyrimidines in high yield and purity.
Results and Discussion
Choosing an appropriate solvent is of crucial importance for the successful microwave-assisted synthesis. To search for the optimal solvent, the reaction of barbituric acid (BA, 1) (0.01 mmol), aromatic aldehydes 2a -g (0.01 mmol) and urea (3a) (0.01 mmol) was examined using water, glycol, DMF, THF or ethanol as solvents under MW irradiation conditions. Some of the reactions were also performed at different powers of microwaves. As shown in Table 1 , the reaction proceeded efficiently when water was used as solvent resulting in higher yields in comparison to the other solvents used. Inspired by this result, water was then used as solvent for all further MW-assisted reactions.
To optimize the reaction temperature, the synthesis of 4f was performed in water at temperatures ranging from 70 to 130 • C, at different powers of microwaves, i. e. 400, 480, 560, 640, 800 W. At low powers (400, 480 W), the time taken for the temperature to reach 100 • C was too long. Microwave irradiation at 560 W in 2 -3 mL of water furnished the highest yield of 5-thienyl-1,3,5,6,8-pentahydropyrimido [4,5- ents with similar success to provide the corresponding pyrimido [4,5-d] pyrimidine thiones which are also of interest with respect to their biological activities. Likewise, 2-thiobarbituric acid (TBA) can also be employed as an alternative under these aqueous conditions. Moreover, for comparison, classical heating conditions were also applied for the synthesis of all products as is summarized in Table 2 . It was found that the reaction proceeds efficiently under MW irradiation with a reduction in time from hours to minutes in comparison to the conventional one with appreciable yield enhancement. In addition, looking at the success of this approach, as no extra catalyst was required for the proposed protocol, it was thought worthwhile to attempt the reactions without any solvent or catalyst, but no proper results were obtained; only some charring was observed on prolonged heating. This emphasizes the importance of water which acts as a solvent and provides a media for the transfer of energy. Thus an example has been established for the condensation reaction in water.
The structures of products 4a -g and 6a -f as pyrimido [4,5-d] pyrimidinones were assigned on the basis of the spectral data and the elemental analyses. In the 1 H NMR spectra, the disappearance of the diagnostic signal due to the methylene protons of barbituric acid at δ = 3.8 ppm indicates the condensation of the active methylene group with the aromatic aldehydes used. Following the mechanism, this intermediate then condenses with urea/thiourea furnishing the required products 4a -g and 6a -f, which is confirmed by the appearance of a singlet at δ = 4.9 ppm assigned to 5-H.
In brief, a practically convenient and eco-friendly synthesis of pyrimido [4,5-d ]pyrimidines has been developed in an aqueous medium without using any catalyst, i. e. completely circumventing the use of hazardous organic solvents and corrosive acids or bases. Water-insoluble solid products obtained in short time are found to be essentially pure and in very high yield. This simple single-step reaction has the ability to withstand the variations in the 1,3-diketone and carbonyl part also. This direct strategy could find broader interest for the synthesis of compound libraries having in common a heterocyclic pyrimido [4,5- 
Experimental Section
Melting points were taken on a Thomas Hoover melting point apparatus and are uncorrected. IR spectra (in nujol) were recorded on a model Perkin-Elmer FTIR-1710 spectrophotometer, 1 H NMR spectra on a Bruker Avance Spectrospin 300 instrument (300 MHz) using TMS as internal standard. Elemental analyses were performed on a Heraeus CHN Rapid Analyzer. Mass spectra were recorded on a KC455 Waters TOF spectrometer. The purity of the compounds was checked on silica gel-coated aluminum plates (Merck). A Kenstar microwave oven, Model No. OM9925E (2450 MHz, 800 W) was used for microwave-assisted reactions. The temperature of the reaction mixture was measured with an AZ, mini gun-type, non-contact IR thermometer, model no. 8868.
General procedure for the synthesis of 5-aryl-1,3,5,6,8-pentahydropyrimido [4,5-d] 
pyrimidine derivatives Method A (conventional synthesis)
To the mixture of barbituric acid (1, 0.01 mmol), an aromatic aldehyde (2a -g, 0.01 mmol) and urea/thiourea (3a/3b, 0.01 mmol), 10 mL of water were added. The reaction mixture was kept at reflux for an appropriate time with constant stirring. The solid obtained was isolated by filtration, washed with water and dried.
Method B (microwave-assisted synthesis)
An Erlenmeyer flask was charged with equimolar amounts of barbituric acid (1, 0.01 mmol), an aromatic aldehyde (2a -g, 0.01 mmol), urea/thiourea (3a/3b, 0.01 mmol), and 2 -3 mL of water. The reaction mixture was subjected to microwave irradiation for a specific time (Table 1) at low power (560 W). The progress of the reaction was monitored at intervals of 30 sec. Upon completion, the reaction mixture was cooled and the product was isolated by filtration, washed with cold water and dried. Phenyl-1,3 
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